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Introduction
The discovery and development of N-heterocyclic carbenes (NHCs) as ligands has greatly transformed the organometallic chemistry of transition metals and has demonstrated a marked impact on the application of metals in synthesis, catalysis, materials science, and medicinal chemistry [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . A large variety of NHC ligand structures have been discovered, characterized and applied in metal coordination [12] [13] [14] [15] [16] [17] [18] [19] [20] . Ring-fused NHCs are a particular subclass of NHCs that often display distinct characteristics that are different from normal imidazole-derived NHCs [21, 22] . The most common ring fusion is of course the annulation of a benzene ring to the C4-C5 bond of the NHC (A, Fig. 1 ), and indeed a plethora of applications have been disclosed based on the benzimidazole ring structure [23] [24] [25] . Fused systems that involve one of the imidazole nitrogen atoms (B, C, Fig. 1 ) have been less 2 investigated [26] [27] [28] [29] [30] [31] [32] [33] , even though a variety of synthetic approaches towards such fused ligand precursor systems are available and allow for the introduction of a variety of coordination motifs [34] [35] [36] [37] [38] [39] [40] .
Based on our interest in strongly donating carbenes such as mesoionic/abnormal carbenes [41] [42] [43] [44] [45] [46] [47] [48] [49] , we were particularly interested in fused ligand systems that include the annulation of the imidazole C2 position (C, Fig. 1 ), since substitution at C2 predisposes the ligand to bind via the imidazole C4 or C5 position and hence to produce abnormal/mesoionic carbenes [13] [14] [15] [16] [17] [18] . 
Results and Discussion
Ligand synthesis. The fused imidazo[1,2-a]pyridine skeleton was readily available by thermal condensation of 1,2,3-triazole with bromopyridine and subsequent elimination of nitrogen at elevated temperatures according to a procedure described by Hubert and Reimlinger (Scheme 1) [34] . The desired product was obtained as HBr salt in yields significantly higher (75%) than when using chloropyridine as starting material. After neutralization, alkylation with MeI proceeded essentially quantitatively and gave the imidazo[1,2-a]pyridinium salt 1 as a pale yellow solid.
Iridium and ruthenium complexation. Metallation of 1 via C-H bond activation using [IrCp*Cl 2 ] 2 in refluxing toluene did not produce any carbene complex and just returned starting materials. As a consequence, the silver carbene formation and subsequent transmetallation was considered [49, 50] , even though abnormal silver carbene complexes were noted to be very unstable and often have too short lifetimes to be useful for transmetallation [51] [52] [53] . substantially upfield compared to the imidazolium precursor (δ H 8 ppm). Also the pyridinic protons shift to slightly higher field upon metallation (Δδ ca. 0.5 ppm) apart from the C6-bound proton, which is deshielded to almost 9 ppm. The iridium-bound carbon resonates at 128.4 ppm, a value significantly low when compared to shifts in similar fused iridium(III) carbene complexes [30] , yet in good agreement with other abnormal imidazolylidene complexes [42, 54] . Both 1 H and 13 C NMR spectra revealed only one set of signals, which strongly indicates chemoselective metallation either at the imidazolium C4 or C5 position (cf Scheme 1 for atom labeling). The significant deshielding of the pyridinic C6-bound proton points to an interaction of this site with the IrCp*Cl 2 fragment and hence metallation at the imidazole C5 position. Moreover, the singlet at δ H 3.80 ppm attributed to the NCH 3 group shows a nuclear Overhauser effect (nOe) with the singlet of the imidazole heterocycle at δ H 6.96 ppm as well as with the doublet due to the pyridinic C3-bound proton at δ H 7.35 ppm, providing evidence that the site ortho to the NCH 3 group is not metallated. These two mutually independent probes strongly suggest selective activation of the C5-H bond during silver carbene complex formation. Chemoselective C5-H bond activation seems to be governed by electronic factors, in particular imparted by the electron-withdrawing impact of the fused pyridine system, which activates the α-position as typical in classical N-ylide chemistry [55] [56] [57] [58] . Steric factors seem much less relevant, due partly to the linear coordination geometry assumed for the silver carbene intermediate [59] , and also due to the small size of the methyl substituents at nitrogen. Related low-valent iridium(I) carbene complexes derived from imidazo[1,2-a]pyridine systems were reported previously, though in those cases, substitutents at the imidazole C4 or C5 position were introduced to direct the metallation exclusively to the imidazole C5 or C4 site, respectively [30] .
Complex 2b shows essentially identical NMR spectroscopic characteristics as the chloride analogue 2a. Most notable differences are the stronger deshielding of the pyridinic C6-H resonance (δ H 9.07 ppm; cf 8.96 ppm in 2a) and the N-CH 3 signal (δ H 4.02 ppm; cf 3.80 ppm in 2a) and the carbenic resonance in the 13 C NMR spectrum, which appeared ca. 10 ppm higher field than in 2a (δ C 118.9 ppm).
The structures of complexes 2a and 2b were confirmed by X-ray diffraction studies. The molecular structures unambiguously confirm the chemoselectivity of metallation as deduced from spectroscopic analyses in solution (Fig. 2) . The Ir-C bond length is identical within esd's in both complexes, 2.034(5) Å and 2.036(2) Å, respectively (Table 1) . This distance is similar to related iridium NHC complexes [30, [60] [61] [62] [63] [64] . The piano-stool geometry is slightly flatter in the iodide complex 2b, as indicated by the consistently wider angles between the three "legs", while most of the angles involving the Cp* centroid are more acute than in the chloride analogue 2a. In both complexes, bond length analysis suggests a pronounced localization of the double bonds in the annelated pyridine ring and formation of a 2-pyridylidene-type ground structure [65] [66] [67] [68] . Specifically, the pyridine c and e bonds are significantly shorter than average conjugated C-C bonds and indicate partially localized C=C double bonds, while the b and d bonds are elongated (Fig. 3) . Similarly, the imidazole 2,3-bond, which does not form part of the pyridyl framework is substantially shorter than the pyridyl a bond, pointing to a localized 2-pyridylidene unit. with ortho substituents [77, 78] . The absence also directly affects the stability of the complexes. For example, complex 2a is unstable under acidic conditions, which is in significant contrast to the stability of related iridium(III) carbene complexes [79] Inefficient transmetallation was noted previously when using an imidazo[1,5-a]pyridinium system [30] , and failure to isolate any desired complex may be a direct consequence of the weak carbene-metal bond. Likewise, the preparation of a copper(I) compound via transmentallation from silver with CuCl was unsuccessful, presumably again due to a low stability of the copper complex when bound to the abnormal and sterically unprotected imidazolylidene ligand [80] .
Preliminary Catalytic applications. Based on the established track record of iridium carbene
complexes in hydrogen transfer catalysis [81] [82] [83] [84] [85] [86] [87] , the catalytic activity of complex 2a was investigated in transfer hydrogenation using iPrOH as sacrificial hydrogen donor. In a representative reaction, benzophenone was used as model substrate (Scheme 3). The reaction requires the addition of KOH as a base (substrate/base/catalyst 100:10:1) and proceeds at moderate rates, leading to essentially full conversion within 16 h. This activity is substantially lower than that reported for related carbene iridium(III) complexes and may be a direct consequence of the limited stability of the iridium-carbene bond in 2a as a consequence of the low steric protection. 
Experimental Section
General. Solvents were purified using an alumina/catalyst column system (Thermovac Co.).
All other reagents were commercially available and were used as received. 
Crystallographic details.
Crystal data for complexes 2a, 2b, and 4 were collected by using an Agilent Technologies SuperNova. A diffractometer fitted with an Atlas detector that uses monochromated Mo-Kα radiation (0.71073 Å). A complete dataset was collected, assuming that the Friedel pairs are not equivalent. An analytical numeric absorption correction was performed [89] . The structures were solved by direct methods using SHELXS-97 and refined by full-matrix leastsquares fitting on F 2 for all data using SHELXL-97 [90] . Hydrogen atoms were added at Crystallographic details are summarized in a) The hydrogen atoms of the water molecule could not be detected. 
